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ABSTRACT 
The reported decline trend in global ozone between 1970 and 1986 may be in part an 
artifact of the analysis; the trend value appears to depend on the time interval selected for 
analysis--in relation to the 11-year solar cycle. If so, then the decline should diminish as 
one approaches solar maximum and includes data from 1987 to 1990. If the decline is 
real, its cause could be the result of natural and human factors other than just chlo- 
rofluorocarbons (CFCs). 
INTRODUCTION 
The Ozone Trends Panel (OTP) of NASA, after a massive re-analysis of data from 
ground stations and satellites, announced the existence of a declining trend in northern 
hemisphere ozone of about 0.2% per year over the 17-year period from 1970 to 1986. ' 
The result was announced at a press conference in March 1988, but the underlying analy- 
sis has not yet been published. Nevertheless, as a result of the announcement and subse- 
quent press reports, it has become widely accepted that there has already been a global 
decline of stratosphere ozone caused by the release of CFCs into the atmosphere. Based 
on this impression, far-reaching international actions are contemplated to phase out 
quickly the production of CFCs and other chemicals. 
The ozone trend analysis must, of course, eliminate the much larger natural variations: 
the seasonal changes, quasi-biennial oscillations (QBO), 1 1-year solar cycle effects, 
major volcanic eruptions, and even the after-effects of atmospheric nuclear testing. One 
should also be aware that ozone trends, like climate trends, may depend on the choice of 
time interval selected for analysis. 
DEPENDENCE OF THE TREND ON THE METHOD OF ANALYSIS 
While the OTP Report itself is not yet available, a parallel report from the Center for 
Applied Mathematics of Allied-Signal, Inc. was distributed at the UNEP Ozone Science 
Meeting at The Hague in October 1988. The Allied study deals with many of the correc- 
tions necessary to establish the existence of a secular trend. It should be noted that the 
study models the trend as a linear ramp function, beginning in December 1969; the trend 
is assumed to be zero before that date. (This procedure is suggested by model calculation 
of CFC effects rather than by any measured stratospheric chlorine  concentration^.)^ Here 
we will examine primarily: (1) the solar flux correction and (2) the effect of choice of 
time period on the ozone trend result. 
The Allied study uses the solar 10.7-cm radio flux as a proxy for the solar UV flux, for 
which a continuous data series is not available. Since the radio flux has no influence 
whatsoever on atmospheric ozone, the proxy is clearly one of convenience. (The OTP, 
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on the other hand, used the sunspot number as a proxy for the "effective" UV flux.) The 
correlation between the radio flux and the relevant UV flux is problematic ', making it 
difficult to judge the adequacy of the solar flux correlation. 
The main results of the Allied study can be derived from their sensitivity analyses, shown 
in their table 23: 
o The estimated change in total ozone (30-64 N) over the 17 years (between 1970-86) is 
- 1.9%, which is less than the reported OTP result. 
o About half of the change, -0.9%, comes from using a "multiple trend" ramp function 
(where the coefficient of the ramp function is varied according to the month). 
o Another half of the change, 1.0%, comes from the inclusion. of post-1982 data; the 13- 
year change between 1970 and 1982 is only -0.5%, i.e., -0.04% per year. 
o Excluding pre-1965 data, as was done in the OTP analysis, would make the 17-year 
decline (1970-86) more negative by 0.6%, i.e., -2.5%. 
To explain the surprisingly strong dependence of the trend result on the choice of time 
period, the authors suggest natural causes, such as El Nino or volcanism, or unknown 
man-made causes. 396 Another simpler explanation may be that the 1970-86 period covers 
only 12.5 solar cycles and includes two solar flux decreases vs. one increase; figure 1 
shows the strong dependence on sunspot number of total ozone observed in different 
zones 7. 
If this hypothesis is correct and the reported ozone decline ls3is partly due to the analysis 
procedure, then one would predict a diminished global ozone decrease if the analysis 
includes the years from 1987 up to 1990 as we reach a solar cycle maximum. An answer 
should thus be forthcoming soon. 
(However, even if the observed ozone trend were then to go to zero, this would not rule 
out that increased use of CFCs will affect the stratospheric ozone layer sometime in the 
future. For example, the AER one-dimensional CFC-ozone model predicts change of 
only -0.25% over the period 1970-86. Since the standard emor of this prediction is 
1.03%, it would be consistent with a zero observed ozone trend or even a small positive 
trend.) , 
POSSIBLE CAUSES OF A REAL TREND 
If, on the other hand, the ozone secular trend is real, then there could be several possible 
causes, in addition to CFCs; they might be distinguished by measurements of ozone 
changes with altitude, latitude, and time. 
o Anthropogenic factors other than CFCs might decrease ozone levels. One such factor 
is methane from various human activities. Like CFCs, methane has a long tropospheric 
lifetime and percolates into the stratosphere, where it participates in ozone chemistry and 
eventually produces water vapor Since tropospheric methane has increased by about 
100% in the past century, stratospheric water vapor should have increased also. 
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Certainly, there has been an increase in stratospheric CO, as a result of human activities, 
such as fossil fuel burning. As a consequence, one would expect increased radiative heat 
loss from the stratosphere and an effect of these colder temperatures on ozone chemistry. 
I have speculated elsewhere that such cooling, coupled with increased stratospheric 
humidity, could lead to the formation of polar stratospheric clouds (PSCs) that are be- 
lieved to be essential in causing the Antarctic ozone hole (AOH). Thus, the AOH may 
indeed be due to human activity, but controlled now by stratospheric temperature and 
humidity rather than by increasing CFC concentrations. 
Another source of water vapor (and cirrus) could be commercial jet aircraft that increas- 
ingly penetrate into the lower stratosphere. While current theory lo does not envisage 
ozone destruction from aircraft at that altitude, current theory considers only homogenous 
(gas-phase) reactions and not yet heterogeneous reactions with particulates and ambient 
aerosols. 
o Natural effects related to the variability of solar cycles may also be responsible for an 
observed ozone decline. The analyses implicitly assume perfect correlation between the 
relevant solar UV and the proxies (whether sunspot number or radio flux), and are not 
equipped to deal with long-term changes in the correlation. 
This last observation leads to an interesting aside. Solar cycles have varied greatly in the 
past l 1  (see figure 2). In recent times, sunspot numbers have been as low as 40 (in 1817) 
and as high as 190 (in 1958) at the peak of the cycle. During the Maunder Minimum 
(1645-1715) sunspots were essentially absent. This suggests that there could have been 
substantial changes in average ozone levels in the past 12, approximating those feared to 
result from the release of CFCs. It wouId be interesting, therefore, to search the historical 
records for any biological consequences to humans, agricultural crops, or marine life, that 
have been hypothesized as having been caused by low ozone levels. 
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degrees of variation during the solar cycle; i.e., as a function of sunspot number or of 
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sun's total irradiance," Science, 244, pp. 197-200 (1989)). 
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Figure 1. Total ozone change (in %) and sunspot number (Angell, 1989). 
Figure 2. Annual mean sunspot number R at maxima of the 11-y cycle, A.D. 1645 to 
present, to demonstrate long-term trends in solar activity. Evident is the 80-year "Gleiss- 
berg cycle" (extrema shown as triangles) imposed on a persistent rise since the Maunder 
Minimum. 
